Synthesis and liquid chromatography/tandem mass spectrometric characterization of the adducts of bisphenol A o-quinone with glutathione and nucleotide monophosphates.
An environmental, estrogen-like substance, bisphenol A (BPA), is the monomer for the production of polycarbonate plastics used in baby bottles, dental sealants, and as a major component of epoxy resin for the lining of food cans. The oxidation of BPA leads to the reactive electrophilic BPA-o-3,4-quinone (BPA-Q), which can damage DNA and may be implicated in cancer initiation. BPA-Q reacts in vitro with 2'-deoxyguanosine 5'-phosphate (dGMP) and 2'-deoxyadenosine 5'-phosphate (dAMP) but not with 2'-deoxycytidine-5'-phosphate and 2'-deoxythymidine 5'-phosphate. In aqueous acetic acid, BPA-Q also reacts with 2'-deoxyguanosine (dG) and 2'-deoxyadenosine (dA) but not with 2'-deoxycytidine and 2'-deoxythymidine. The reactions are accompanied by loss of the modified base (depurination). We determined the structures of the modified bases by primarily tandem mass spectrometry. In mixtures of deoxynuclesides and deoxynucletides treated with BPA-Q, reactions occur more readily with dGMP/dG followed by dAMP/dA. With calf thymus DNA, significant apurinic sites must be produced because we detected the BPA-Q-guanosine adduct in the incubation mixture. We also found that BPA-Q reacts readily with glutathione (GSH) under acidic or neutral conditions, and we characterized the BPA-Q-GSH conjugate with tandem mass spectrometry (MS/MS). The results are consistent with a mechanism of carcinogenesis whereby BPA-Q, formed in vivo and not adequately detoxified by reactions with GSH, reacts with DNA, causing depurination. The adducts reported will also be appropriate references for identification of BPA-Q adducts in environmental and biological systems.